Introduction
The European bison Bison bonasus (Linnaeus, 1758) passed through a population bottleneck during World War I. Only 54 animals survived this critical period. Still, the whole extant species is treated as derived from a foundation herd of 13 animals, representing a recombination of only 12 diploid sets of genes (Slatis 1960 , Olech 1989 ). Among the founders were animals of the lowland subspecies (Bison bonasus bonasus), originating from Białowieża Forest, and one bull of the other subspecies (B. b. caucasicus) , from the Caucasus. Crossed to Białowieża females this bull started a separate genetical line of pure European bison, so called the Lowland-Caucasian line.
The species is now represented by several isolated populations of different sizes, either free-ranging or confined to nature reserves (Krysiak 1967 , Flint and Pererva 1986 , Pucek 1986 , 1991 . There are indications that inbreeding affects a number of demographic (Olech 1987) and morphological (Kobryńczuk 1985) characters in captive animals. This suggests that potential negative effects of inbreeding might also be observed in free-ranging populations. Genetic contributions of founders to the different wild populations are not fully understood. Knowing the inbreeding status of these populations is of great importance for the future management and conservation of this species. Comprehensive characterization of the condition of animals in particular populations is needed; in some cases highly homozygous populations can successfully persist for a long time, while in others adverse effects can be observed in the early generations of breeding (Mather 1943 , 1953 , Strunnikov 1994 .
Developmental stability is an integrated, sensitive index of an organism's condition (Zakharov 1987 (Zakharov , 1989 . Its level can be detected by studying fluctuating asymmetry of morphological structures. High developmental stability corresponds to genetic coadaptation and optimal environmental conditions (Zakharov and Graham 1992 , Zakharov and Clarke 1993 , Markow 1994 . Deterioration of developmental stability commonly takes place as a result of adverse changes in the genome, and particularly from a decrease in heterozygosity (Soulé 1979 , Zakharov 1981 , 1992 , Leary et al. 1985 , 1992 , Zakharov et al. 1995 .
In this study, we ask whether there are any differences in the level of developmental stability, as measured by fluctuating asymmetry of morphological characters of the skull of European bison Bison bonasus originating from different isolated populations and having different histories.
Material and methods
One hundred fifteen skulls of the European bison B. bonasus have been used for this study. Four samples from three populations were compared: (1) Okskii Reserve, Russia (n = 29), (2) Białowieża Primeval Forest, Poland, collected between 1970 and 1986 (n = 34), and (3) collected between 1987 and 1988 (n = 29), (4) Pszczyna Reserve, Poland (n = 23). The material represented different genetical lines, recognized in recent world population of the species. Animals from Białowieża Forest belong to a pure Lowland line, originated from Bison bonasus bonasus. Those from Pszczyna constituted a daughter line of the same origin, but were kept isolated from the Białowieża population for several decades. Animals from the Okskii Reserve belonged to the Lowland-Caucasian line, being the crossings between lowland (B. b. bonasus) and mountain {B. b. caucasicus) subspecies of the European bison (cf Pucek 1986 Pucek , 1991 for details). Skull material is preserved at the Okskii Reserve (sample 1), in collections of the Mammal Research Institute PAS (samples 2 and 3) and in the European Bison Museum at the Department of Animal Anatomy, Warsaw Agricultural University, Warsaw (sample 4).
Twenty five morphological characters, the number of foramina for nerves and blood vessels ( Fig. 1) , were scored on each skull. Fluctuating asymmetry, as the main measure of developmental stability, was calculated for each character as the variance of difference in number of foramina between the left and right sides of the skull (1-r). As no significant sex and age differences were found, the whole samples were used for comparisons.
There were no indications of antisymmetry or directional asymmetry (Palmer and Strobeck 1986 ) in particular characters. The difference in the number of foramina between the left-right (1-r) sides of the skull was considered to be fluctuating asymmetry. To exclude possible scale effects, variances were calculated for both the difference between number of foramina on two sides (1-r) as well as for the value of this difference divided by their sum (l-r)/(l+r). All characters, as well as their asymmetries, were uncorrelated with each other. Single significant values of correlation coefficient found in all possible paired comparisons of the characters (5 of 300) can be ascribed to type I statistical error (Sokal and Rohlf 1981) .
We used sums of ranks to investigate intersample differences in fluctuating asymmetry variance. The mean number of asymmetric characters per individual, for the whole set of characters, was used as an integrated measure of developmental stability. Total phenotypic diversity for the same characters was estimated by variance for (1+r). The Student's ¿-statistics, non-parametric sign-test and Friedman's test were used to assess the significance of intersample differences (Sokal and Rohlf 1981) .
Results
The variance for both (1-r) and scaled (l-r)/(l+r) fluctuating asymmetry, as well as a mean number of asymmetrical characters, show high similarity for both samples collected from the Białowieża population. Mean number of asymmetrical characters was 10.62 ± 0.43 for the early sample (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) and 10.44 ± 0.58 for the later sample (1987) (1988) .
Asymmetry was least in the Okskii Reserve population and greatest in the Pszczyna population; the Białowieża population was intermediate (Table 1) . A non-parametric Friedman's test revealed a significant and concordant intersample variation in both fluctuating asymmetry variances: variance for difference (27.92, p < 0.001) and variance for difference devided by sum (16.22, p < 0.001) for all characters studied. Mean number of asymmetrical characters revealed significant intersample difference (p < 0.05) in all possible paired comparisons of three populations under study. Table 1 . Integrated measures of developmental stability (NA, A and B) and phenotype diversity (C) for 25 characters of skull morphology (Fig. 1 ) in the samples from three different populations of European bison Bison bonasus. NA -mean number of asymmetrical characters, A -sum of ranks for variance (1-r), B -sum of ranks for variance (l-r)/(l+r), C -sum of ranks for variance (1 + r). The total phenotypic diversity measured by variance for sum revealed the same pattern of interpopulation difference (Table 1 ). The Friedman's test is equal to 11.06 (p < 0.01).
Discussion
Disturbance of developmental stability, indicating changes in an organism's condition, commonly takes place under environmental or genetic stress (Ruban and Zakharov 1984 , Zakharov 1989 , Zakharov and Sikorski 1997 . Many populations of species in large areas having undisturbed conditions are characterized by similar levels of developmental stability (Zakharov 1987 (Zakharov , 1989 . For the Okskii Reserve and Białowieża populations of European bison, we do not have any reason to suspect stressful environmental conditions. From the genetic perspective, changes in developmental stability correspond to genotypie changes. Thus, developmental stability occurs under increased homozygosity (Soule 1979 , Kat 1982 , Leary et al. 1985 , 1992 , Zakharov et al. 1995 . Deterioration of developmental stability in these cases is a manifestation of inbreeding depression. This measure of inbreeding depression indicates the initial changes in an organism's condition that could not yet affect the other commonly used fitness parameters.
It seems most probable that the differences among European bison populations could have a genetic explanation. Animals within each of these populations breed freely. These populations are derived from a limited number of founders. The Białowieża free-ranging population originated from the captive animals released into Białowieża Forest, and containing genes of all 7 founders of the Lowland line. Animals bred in the Okskii Reserve contain genes of 9 founders (out of a total of 12) composing the Lowland-Caucasian line (Olech 1989) .
The original genetic diversity of the Białowieża population could be less than that of the Okskii Reserve population, because of the hybrid origin of the latter. The lover developmental stability of the Białowieża population is probably a result of its greater homozygosity, as compared with the Okskii Reserve population (Olech 1989 , Hartl and Pucek 1994 , Udina et al. 1994 , Sipko et al. 1995 .
Our data demonstrate that greater phenotypic diversity in the Białowieża population, as compared with the Okskii Reserve population, is accompanied by an increase of fluctuating asymmetry. Thus, increased phenotypic diversity in the Białowieża population is caused not by genetic diversity (it actually decreases), but by increased developmental noise (Zakharov 1987 (Zakharov , 1989 .
The great similarity of the fluctuating asymmetry estimates for two samples collected from the Białowieża Forest population at different times is evidence for the stability of the situation there and for the reliability of the developmental homeostasis estimates. A gradual asymmetry increase indicates a corresponding developmental stability decrease in the following population sequence: Okskii Reserve -Białowieża Forest -Pszczyna Reserve. This suggests that the intermediate level of developmental stability in the Białowieża population is a result of decreased heterozygosity. And the higher level of inbreeding in the Pszczyna Reserve population is accompanied by a more serious deterioration of its developmental stability.
Developmental stability study is essential for characterizing the condition of populations. Decreased developmental stability in the Białowieża population is not yet accompanied by any obvious changes in the viability of animals (Pucek et al. 1996) . In contrast, the more serious deterioration of developmental stability in the Pszczyna population is already accompanied by an obvious manifestation of the inbreeding depression. This demonstrates an opportunity to distinguish even initial changes in an organism's condition that can not be revealed by other commonly used measures of fitness.
A larger scale screening of various populations for fluctuating asymmetry could provide a comprehensive characterization of the situation for the European bison, and for other rare or endangered species. A basic question whether a particular genetic change, caused by inbreeding, outbreeding, or selection, affects the condition of an organism. An advantage of fluctuating asymmetry is the opportunity to get information on an organism's condition even through the study of museum collections.
